Cu K-edge EXAFS
The non-phase shift corrected Fourier Transforms (FT) of the Cu K-edge EXAFS for Cu 2 S and CuS are presented in Figure S1A and S1B, respectively, along with their FEFF fits. The inset shows the corresponding EXAFS region. There is a significant change in EXAFS intensity between the two complexes, with CuS being more intense than Cu 2 S. FT data for Cu 2 S show two peaks at 1.83 Å and 2.31 Å and that for CuS show two peaks at 1.80 Å and 3.45 Å. The Cu K-edge EXAFS data for both Cu 2 S and CuS have been reported in the literature but show significant variability and are of poorer resolution as inferred from the FT data. Most importantly, the reported EXAFS for CuS has only the first shell peak, the peak at 3.45 Å is either completely missing or is dramatically diminished. Since Cu is extremely concentrated in these samples, the lack of longer distance features and the poor resolution likely indicates self-absorption problems brought about by suboptimal sample to BN ratio. FEFF fits to the EXAFS data are presented in Table S1 and are in reasonably good agreement with the crystal structures of covellite and low-chalcocite, indicating that the samples are pure and have not undergone oxidation. 
Cu K-edge XAS
The data presented in Figure 1 in the main manuscript are qualitatively similar to those present in the literature, however quantitative differences can be observed. First, the data in the literature have some variability in the edge-region, indicating either contamination (likely arising due to surface oxidation) or self-absorption. Second, the data presented here have sharper rising-edge features (clearly observed for CuS) indicating higher resolution and minimal self-absorption. The effect of self-absorption in both the rising-edge and EXAFS region is dramatic and is demonstrated with CuS as an example in Figure S2 . 
Density Functional Theory
To predict the X-ray emission spectra (Kβ Figure S3 . the experimental energies. This is generally the case with core level TD-DFT calculations since DFT does not describe core potentials accurately, resulting in the core levels being too high in energy relative to the valence levels.
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Cu L-edge XAS of CuS
Cu L-edge XAS data for CuS were taken from literature. CuS has a low-energy features at ~931.7 eV (recalibrated for comparison to discreet molecular system presented here). Two arguments have been made about this feature: first that this feature falls in the range of Cu(I) complexes (931.9 -933.4 eV) 12 and second that Cu L-edge data for Cu(II) complexes are ~25 times more intense than Cu(I) complexes. 13, 14 Both arguments are correct for Cu bonded to light atom ligands. However, in the case of Cu-S compounds, two things happen, first, strong covalent overlap between the two leads to delocalization of the 3d 9 hole onto the sulfur. This in turn, decreases the transition probability of Cu 2p to the now delocalized Cu 3d orbital. Second, due to increase in ligand field, the energy of the low-energy edge feature shifts to higher energy relative to light atom systems. 15 Comparison of the L-edge data for ]. This peak is significantly diminished. This can be attributed to two factors: first, a stronger covalent interaction in CuS (3 Cu-S and 4 Cu-S interactions). Second, only a third of the Cu sites contribute to the pre-edge whereas the rest contribute only to the higher energy 2p → 4s transition.
These two factors obscure the Cu 2+ feature in the spectra of CuS and have led to the misinterpretation of electronic structure based on Cu L-edge XAS. 
